Purpose Several scientific papers and technical reports have discussed the role of green public procurement in the food sector. Different strategies for the restoration sector have been identified. However, there is not yet a common understanding of which policies could be the most efficient in reducing the global warming potential of the public restoration service. This paper assesses a set of procurement policies, ranking them according to their potential to reduce the greenhouse gas emissions of public catering. Methods Eleven relevant green public procurement policies were identified from the literature. These are discussed in the context of a case study of the school catering service in the city of Turin (Italy). Initially, a life cycle approach is applied to a baseline scenario of the collective restoration system of the city, to quantify the quantity of greenhouse gases produced by the entire catering service (including all stages from the production of food to the management of waste from kitchens and canteens). Afterwards, the 11 policies were applied to the baseline scenario so that the potential improvement achieved by each policy could be quantified. Results and discussion The baseline scenario resulted in 1.67 kgCO 2 eq per average meal. The production of food dominates the global warming potential of the full service, being responsible for about 78% of the greenhouse gas emissions. Among the selected policies, a change in diet was the most effective (leading to a 32% reduction of the CO 2 eq emissions), followed by the adoption of improved food production practices (11% reduction) and the purchasing of certified green electricity (6% reduction). Conclusions The proposed method allows the assessment of procurement policies in the catering service by applying a simplified life cycle approach that considers all the stages of the process. Public authorities and other stakeholders could benefit from basing their decisions upon scientific evidence and avoiding the prioritisation of policies based on personal opinions or weak evidence. Uncertainties and areas for improvement in the method have been also identified for future investigation.
Introduction

Sustainability in the public restoration
Eating is not just a biological act; it has many other meanings and repercussions. In the case of private food consumption, it is now widely recognised that eating is both an ecological and political act (Pollan 2006) . Food labels are rich with
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Electronic supplementary material The online version of this article (doi:10.1007/s11367-017-1306-y) contains supplementary material, which is available to authorized users. information on food origin, quality, ethical issues, and environmental properties. New environmental product declarations (based on both international certification standards and environmental self-claims) are published every year, and consumers have started to factor the environmental impact of products into their choices (Vassallo et al. 2016) . One such certification scheme, the Product Environmental Footprint (PEF), is currently under development by the European Commission (Galatola and Pant 2014) .
Public food consumption is affected by different policy demands and competing interests (Lacourt and Mariani 2015) . Food suppliers aim to make a profit from their collaboration with the public sector, which, on the other hand, aims to lower the cost of catering services as much as possible to reduce public expenditure. In 2012 in Europe, the 'food and catering service activities' sector involved more than 1.5 million enterprises, had a total turnover of approximately €354 billion, and employed 8 million people (Neto et al. 2016) . Self-operating public bodies and contract caterers each have around a 50% share of the food and catering market, although this differs between member states and sector of society (FERCO 2012) . In particular, in terms of the volume of meals provided, the 'business and industry' sector primarily uses private companies (85% in 2013) and the 'education' sector is dominated by public operating bodies (78% in 2013; GIRA Foodservice 2014).
Because of the central role taken by the public restoration, there are generally three forces pushing for certain management practices, in particular (Barling et al. 2013 ): (I) political forces, including willingness to change, funding support, legislative viability, and international recognition; (II) social forces, such as the motivation for healthier food consumption and nutritional education; and (III) environmental forces, such as international agreements for the mitigation of climate change and national laws for the efficient use of resources. Such forces can converge on best practices that are usually defined as sustainable public procurement (SPP) (Smith et al. 2016) . For example, the progressive reduction of meat consumption can satisfy both environmental and public heath pressures; however, the reduction of meat consumption could economically affect the livestock sector. Consequently, it is necessary to evaluate the economic, social, and environmental effects of different SPP practices. SPP practices encompass all three pillars of sustainability; when only the environmental aspects are considered, it is more correct to refer to green public procurement (GPP) (Smith et al. 2016) .
There are several different GPP policies that can be applied to all phases of the catering process, ranging from specifying particular cultivation practices up to the management of waste (Chandler et al. 2015) . A recent EU report on the topic (Neto et al. 2016 ) describes the opportunity to include GPPs in food provisioning (concerning e.g. the purchasing of organic food products, marine, and aquaculture food products, seasonal products, animal welfare, types of packaging, and use of sustainable oils), food transport, menu planning, and type of consumables used (e.g. paper products, tableware, and cleaning products, waste sorting and disposal). Interestingly, Neto et al. (2016) identified several studies that analysed the improvement in the environmental impact of different aspects of food production and supply chain, although these studies mainly focused on the environmental performance of a single specific aspect (e.g. just agricultural production practices, transport issues, or the impact of material production). However, the literature lacks studies that investigate the environmental performance of GPP policies for the catering service.
Aims of the article
This article adopts a different perspective to previous research applied to the catering sector. It aims to answer to the following research question: how should the GPP practices that a municipality can adopt be assessed to determine the best way to improve the climate performance of the catering service? This includes different aspects such as diets, food storage, cooking, serving options, and waste management.
The article focuses on the analysis of several policy options for the catering service that, compared to the current practices, may be the most effective in terms of reduction of greenhouse gas (GHG) emissions. The aim of this research is to rank the best performing GPPs for the sector, in order to provide scientific guidance to public administrations and suppliers.
The research method developed for the comparison of the different procurement options is illustrated in Section 2. Section 3 presents the application of this method to the case study of the school catering service of the city of Turin (Italy). Next, Section 4 describes the different policy options, chosen from the scientific and technical literature or proposed by stakeholders from the Municipality of Turin, and assesses the potential for reduction of GHG emissions. Based on these assessments, specific and general recommendations are provided in Section 5, together with the discussion of key issues related to the adoption of the proposed policies.
2 Method applied to test and rank the GPP options
Environmental assessment of collective restoration
Although the scientific and technical literature concerning GPP in the food sector is quite rich with case studies, quantitative environmental assessment is applied in very few cases (Cerutti et al. 2016) . Furthermore, most recent documents on GPP by the European Commission (European Commission 2011) consider environmental criteria based not on threshold values of the environmental impact indicators but rather on qualitative judgements of practices, such as the seasonality of products, harvesting practices, minimisation of waste and packaging, and professionalisation of operators (European Commission 2011). However, if sustainability practices are not associated with a specific evaluation of the environmental performances (such as the emission of GHGs, water depletion, or soil consumption), it is not possible to quantify the actual environmental savings (Cerutti et al. 2016) . Because of the complexity of the public restoration service, the evaluation of its environmental performance is not straightforward. Only a few studies apply an environmental impact assessment method, such as life cycle assessment (LCA) or derived footprints, so it is very difficult to rank the relative impact of the different GPP practices.
A recent publication by Caputo et al. (2014) focused on the evaluation of self-sufficiency in catering for public schools, focusing on the region of Lombardy (Italy) to assess the surface required to fully sustain the provision of food. The authors did not illustrate the assessment method and results in detail, other than introducing a tool called the 'Food Chain Model', used to verify self-sufficiency and provide policy suggestions without a quantification of the environmental relevance.
Another important study focusing on the methodological issues for the application of the LCA to a catering service (public or otherwise) in Switzerland was published by Jungbluth et al. (2016) . This used an organisational LCA approach to model the potential environmental impacts of the service. Results obtained in the assessment therefore covered the full catering service, but only the environmental improvement achievable by the procurement of seasonal food was tested as one among several options for greening the service. One of the results discussed in the paper was that the catering service in the case study emitted about three times less GHGs than having the same meal prepared at home. This result is in line with Sturtewagen et al. (2016) , who compared the resource consumption of a specific catered pork-based meal with an identical meal cooked at home, resulting in 15-40% higher impacts.
In the context of private collective restoration, another interesting LCA application was developed by Pulkkinen et al. (2016) , which focused on the assessment of the environmental performance of restaurants. In this research, the criteria for a greener meal were created based on a discussion with three restaurant operators in Finland and on a simplified carbon footprinting method based on the production of raw materials. One of the main purposes of calculating the environmental performance of restaurants is to create certifications so that marketing leverage may be applied, as described in detail by Baldwin et al. (2011) . In these case studies, authors conducted life cycle assessment research on restaurants and food service operations to define priorities for environmental improvement, and the results were used to develop sustainability standards and ecolabel programs. The reduction of environmental impacts of catering services managed by private and public authorities may provide an example for other sectors and for the whole of society.
As already highlighted, the majority of previous research has only considered specific issues or partial stages of catering services instead of the catering system as a whole. In fact, several studies are limited just to the analysis of the transport of food. Some authors studied the provisioning part of the system, for example Bortolini et al. (2016) , who investigated the operating costs, carbon footprint, and delivery time goals of fresh fruits and vegetables provided by a set of Italian producers to several European retailers. Other studies specifically investigated the impact of refrigerated transport, such as Chen and Hsu (2015) , who calculated the GHG emissions of two freight transport systems by modelling the delivery scheduling for the time-dependent demand of multi-temperature foods and by considering both emissions from energy consumption and refrigerant leakages into the environment. The maintenance of proper temperatures in food preservation, for both cold chain and warm food, can be a relevant environmental hotspot. Fusi et al. (2016) calculated the environmental performance of two catering approaches: cook-and-serve (food is cooked and immediately served to consumers) and deferred (cook-warm and cook-chill), which allowed the decoupling of the production of food from its consumption.
Another aspect of transport in the food sector which is frequently investigated is the relative weight of the distance from the production site to the markets (the so-called food miles). For example, Rothwell et al. (2015) evaluated tradeoffs between distances and agricultural technologies for lettuce produced close to Sydney, using the footprint family indicator (carbon footprint, land use, water use, and eutrophication) with an LCA-based approach.
Description of the research method
The current study is divided into two phases: the first is the quantification of a baseline catering scenario, in which the environmental impacts are quantified; the second phase concerns the calculation of the potential impact reductions related to each specific GPP policy and their comparison with the baseline scenario. Thus, each GPP policy can be associated with a reduction share and can be ranked to determine which is the most effective.
Although several environmental impact indicators are currently available in the scientific literature, this article focuses exclusively on the climate change impact based on the quantification of the GHG emissions. The use of a single impact indicator has both benefits and limitations (Weidema et al. 2008; Finkbeiner 2009 ). As the main aim of this research is to test a method for GPP performance evaluation, carbon footprinting (CF) offers the opportunity of having a simplified and practical indicator to be used especially when a large number of items must be assessed in a short time frame. Because it is a simple but robust account framework, it also offers the potential to introduce life cycle approaches into organisations and decision-making contexts that pure LCA has not yet reached (Finkbeiner 2009 ).
Three main reasons can be given for the relevance of accounting for GHG emissions in the environmental assessment of GPP policies:
& Climate change is one of the greatest challenges facing nations, governments, businesses, and citizens and will influence the way we live and work in future decades (IPCC 2007) . Climate change is subject to the continuous attention of and monitoring by policy makers at every level, with industries and citizens being highly sensitive to these issues (Ostrom 2009 (WRI and WBCSD 2001) , and the British publicly available specification PAS 2050 to assess the life cycle GHG emissions of goods and services (BSI 2011) .
Further to the benefits of using a single impact indicator, there are also several limitations. Concerns have been raised about oversimplified methods that may mislead stakeholders about the environmental implications of products and services (Finkbeiner 2009 ) as well as offering an incomplete picture of the impacts in certain cases compared to a multiple-indicator approach (Weidema et al. 2008) .
As described in depth by Laurent et al. (2012) , several product categories show a poor correlation between CF and other impact categories, such as toxicity-related impacts or resource depletion, because of the different sources of impacts in the life cycles of food (including waste management). In fact, one of the most critical issues related to applying just CF is the so-called burden shifting of environmental impacts from one sphere to another, especially when comparing different product life cycles (Fang et al. 2014) . Environmental impacts other than the CF can be more important when assessing the sustainability of agricultural products: eutrophication, acidification, ecotoxicity and human toxicity, biodiversity, and water use can all be important (Guinee et al. 2010) . Furthermore, the CF is not considered to be one of the most urgent pressures in relation to the planet boundaries, as other impact categories might have already posed a critical danger to the ecosystem (Fang et al. 2015; Sala et al. 2016) .
The limitations of using a single indicator may become even more relevant when applied in a decision-making context (Laurent et al. 2012) . This is because corporations and authorities often aim for simplicity-using tools for which data are readily available and whose results are potentially intelligible to a large audience of stakeholders (including tenderers and citizens). This pressure is reflected in the risk of developing policies solely relying on these indicators and not considering the risk of burden shifting.
The selection of the CF as a reference impact category was agreed with the local authority (city of Turin) with whom the present research method has been tested. This decision was taken because the accounting of GHG emissions was judged as potentially intelligible by a larger audience of local stakeholders (including suppliers and citizens) and in line with the objectives of the administration to reduce the GHG emissions of the municipality.
Contrary to the common approach of collecting data from a sample of facilities (Caputo et al. 2014) or considering just a single type of meal (Pulkkinen et al. 2016) or food product (Bortolini et al. 2016) , the research presented here investigated the full catering service of the schools of the city of Turin.
For the quantification of the baseline emission scenario (first phase), a modular approach (Cerutti et al. 2014a ) was applied to divide the full catering service into relevant functional blocks and to simplify the modelling of the system. Four modules (food production; food transport; cooking, storage, and serving; and waste management) were identified and studied separately. Impacts have been calculated for an average meal, which was chosen as the functional unit for the entire study.
The research method applied for the quantification of the baseline emission scenario is shown in Fig. 1 . The starting point is the analysis of the main menu of the service. The frequency of different foods in the menu over 1 year is calculated in order to define the average meal, composed of a fraction of different foods. Each food is then associated with a proxy food item. For example, in the case of fruit, an apple was chosen as the reference proxy because it was the most consumed fruit for the school year 2013/2014. The use of food proxies, instead of the actual food items that are consumed, has strengths and weaknesses. The use of proxy products has been applied in several consumption-oriented LCA studies to specifically assess the impacts of certain representative foods consumed in a specific region (Notarnicola et al. 2017 ). For example, Muñoz et al. (2010) assessed annual Spanish food consumption based on LCA studies available in the literature on food proxies for Spanish food purchased by households, catering, restaurants, and institutions. More recently, Eberle and Fels (2016) assessed the environmental burden of food consumption and food losses in Germany by considering the average German food basket and by using 23 food proxies as representatives of eight food categories (e.g. apples, oranges, and bananas were identified as a representative of the product group 'fruits'). Eberle and Fels (2016) selected some proxies for their study based on their share of the product group and on data availability. Furthermore, in Notarnicola et al. (2017) , a basket of food products was identified as a representative of average European food and beverage consumption, in order to assess the environmental impacts of food consumption in Europe. According to Notarnicola et al. (2017) , the selected food proxies reflected the relative importance of the products in terms of mass and economic value. Moreover, proxy products are also used in studies combining 'bottom-up' and 'topdown' assessment methods, such as hybrid input-output LCAs (Pairotti et al. 2015) . In hybrid approaches, the use of proxy products allows some of the possible problems arising from truncation errors of LCAs (especially when applied to consumption), and the non-specific nature of the data of inputoutput analysis, to be overcome.
In the present study, for each food proxy, a life cycle inventory (LCI) was built based upon several literature sources. To achieve consistent and comparable inventories, a prioritisation of the sources was adopted: at first, environmental product declarations (EPDs) of Italian products were chosen, when available; if not available, LCI were built on data from Italian studies published in scientific journals; when this was not possible, European case studies published in scientific journals were chosen. The full list of sources for the construction of the LCIs of the proxy food is available in the Electronic Supplementary Material (Table SM01 ). In some cases, several studies on products from the same food categories were available, making it difficult to choose the most representative reference LCI. In these cases, a new proxy product was built by calculating an average value of the LCIs available. This approach allows the variability of the emission intensities of different products belonging to the same food category to be included.
The LCIs have been based on data from the literature and include all processes in the life cycle of proxy products (therefore adopting a 'cradle-to-grave' perspective). Available data were also associated with the different modules. For example, in the case of the LCI of pasta, data about the agricultural phase was allocated to module 1, data about the transport of the final product to module 2, data about cooking to module 3, and data about the production of primary and secondary packaging to module 4.
Data available from the literature represented the main input to build the LCI of proxy products. However, primary data were also used to complement the LCI of modules 2, 3, and 4 (see Section 3.1 for details on primary data collection). Direct Fig. 1 Summary of the method used for setting the baseline scenario (phase 1). Starting from the main menu for each school level, an average meal is calculated according to the frequency of each food type. Then each food type is associated with a proxy food item available in LCA databases or technical literature, and information for the four modules is extracted. Data from the literature have been complemented by primary data to calculate the impacts of the average meal data on fuel consumption in local urban distribution was used to complement the LCI of module 2, primary data on the consumption of materials and energy in kitchens and schools were used for the LCI of module 3, and direct data on waste management were used for module 4. The development of the LCI of proxy products is summarised in Fig. 1 .
The GWP of each proxy food was calculated by using emission factors from ILCD 2011 (in particular climate change; midpoint; GWP100; IPCC 2007), determining the impacts for the different modules separately. The contribution of each food proxy to the LCI of each module was calculated in proportion to the occurrence of the proxy in the average meal ( Fig. 1 ).
For the evaluation of different GPP policy options (second phase), a literature review was conducted to discover the most commonly used GPP policies in the catering sector, with a special focus on school services. Both scientific and technical papers, as well as reports, were identified through Google Scholar and web search engines. Once the most common GPP policies were identified, the CF reduction due to them each was quantified and compared to the baseline scenario to calculate the reduction share. GPP policies have therefore been ranked in terms of the absolute effectiveness and relative CF reduction.
3 The baseline emission scenario for the school catering service in Turin 3.1 Description of the school catering service and definition of the baseline scenario
The full school catering service of the city of Turin includes 170 institutes, serves approximately 54,200 pupils between the ages of 0 and 13 years, and delivers approximately 8 million meals per year with a total value of approximately 40 million Euros. School catering represents a significant component of the procurement budget for the municipality, which is interested in increasing the efficiency of the service. With this aim in mind, the city of Turin participated to the INNOCAT project (Procurement of eco-innovation in the catering sector), 1 funded by the European Commission and c oo r di n at ed by I C L E I ( L o ca l G o v er nm e nt s fo r Sustainability). Within this project, local authorities introduced several measures and included various criteria for their catering contracts with the aim of reducing the associated CF. Some of the measures adopted by the INNOCAT project are considered within the GPP policy options for the analysis.
The main data for the baseline scenario of the school catering service of the city of Turin were collected for the school year 2013/2014. Data related to food consumption, meals served, electricity used, and waste generated were also collected for this year. However, because the GPP policies of the INNOCAT project were implemented that year, other data for the baseline scenario (food miles from provisioning and urban distribution, percentage of organic food, use of tap water) are collected considering the previous year, when no specific GPP policies had been adopted.
A key aspect of the analysis is the definition of the menu. The meal always constitutes of one starter (usually based on pasta, rice, or soup), a main course for protein intake (e.g. meat, fish, omelette, cheese, or protein-rich vegetables), a dish containing vegetables (fresh or cooked), and dessert (usually fruit, yogurt, sweets, or box of fruit juice). During the reference year, pupils were free to choose one of four menus: (I) a standard menu, which includes meat and fish; (II) a meat-free menu, in which meat-based meals are substituted with fish, eggs, cheese, or protein-rich vegetables; (III) a vegetarian menu, in which fish and meat are substituted with eggs, cheese, or protein-rich vegetables and (IV) a gluten-free menu, in which a special wheat is used for the preparation of pasta and pasta-based dishes (such as lasagne). In the baseline scenario, the standard menu was chosen as a reference for all schools, and alternative menus II and III were tested as possible options for greening the catering service.
For the case study, the average meal of the baseline scenario is calculated based upon the standard menu during the school year 2013/2014 in the first grade of the secondary class. The quantity of each food item in the average meal is calculated as a proportion of the quantity of the same food consumed in the reference year. The composition of the average meal is presented in Table 1 .
Each food item within the standard menu is associated with a proxy product. For each proxy food item, a simplified LCA is carried out by considering the most common production practices according to technical references, scientific literature (e.g. Notarnicola et al. 2015) , and environmental product declarations. The simplified LCAs use a farm-to-plate approach and therefore include emissions from production, transport, cooking, and waste from packaging. These emissions are used to estimate the impacts of the four modules specified below. Primary data are used to complete the emission calculation of each module, as described in the following sections.
Module 1: food production This module consists exclusively of the GHG emissions from the production phase of each proxy food item's LCA. The module includes all agricultural practices and the production of all agricultural inputs including fertilisers and pesticides, as well as electricity from the national power grid, water management, and machinery use.
Module 2: food transport This module contains the impacts of food transportation. It consists of two different phases: (a) the provisioning phase, which includes the transport of goods from the production sites to the local hubs (located on the outskirts of Turin for city distribution), and (b) the distribution phase, which includes the transport of the food from the periurban city hubs to the school canteens.
For the provisioning phase, the supply structure (geographical origin and freight requirements for conservation) of each proxy food item is described so that the average mileage per transport mean of the food may be obtained. Data regarding the supply structure, collected from the Italian database of food production and consumption, is used (Agri ISTAT 2015) .
The baseline data used here (including transport quantities, distances, and modalities) were collected from the suppliers that were contracted by the city of Turin for the school years 2013/14. This includes the suppliers' registry of deliveries, which is a schedule of all the deliveries made by each van, including timing, route, food block delivered, and the type of fuel used. The distribution of food is divided into three blocks: (I) 'prepared meals', which includes warm dishes (e.g. pasta and meat); (II) 'cold food', which includes food that is prepared in the schools (e.g. salad, cheese, dessert); and (III) 'fruit', which includes exclusively fresh fruit that can be simply served. The average mileage per fuel type is calculated for the three distribution blocks, and each proxy food item is assigned to a specific distribution block.
Module 3: cooking, storage, and serving This module focuses on all activities of the kitchens and canteens: food storage in refrigerators and freezers, cooking and preservation in specific containers, heating or re-heating in schools, and serving. Emissions from the consumption of electricity, natural gas, and water in the peri-urban hubs and school canteens are accounted for. The GHG emissions from the life cycle of cleaning products and cooking appliances are also considered. Data were collected in the three major cooking hubs via the use of a questionnaire and technical visits. For this module, the entire emissions for the school year 2013/2014 are accounted for and divided by the number of meals delivered to the canteens, to estimate the CF of a single meal.
Module 4: waste management Waste can be produced during all phases of the catering process and is very dependent on several consumption behaviours (Falasconi et al. 2015) . The quantification of waste is not always straightforward and must be modelled according to the needs of the study. In the context of public restoration, the waste that is produced during the agricultural and logistical phases cannot be a target for GPP policies. However, the waste produced in the cooking and consumption stages can be easily monitored and reduced. Consequently, this module does not include waste generated in the phases described by modules 1 and 2, but it includes all waste that is generated in the cooking, serving, and eating (or leftovers) of food, as well as in cleaning. Data on such issues were collected in different ways: data on waste produced within the kitchens were collected in the three major cooking hubs via the use of a questionnaire and technical visits; data on waste produced in the school were modelled according to each serving option adopted in the schools; and data on leftover food were acquired by a specific survey conducted by the city of Turin, within the context of another project called 'Create your menu!' 2 in which students were asked to design their menu in order to tailor meals to their preferences and to consequently reduce leftovers. Regarding serving, different schools in the city adopted different options according to their needs, for example the use of disposable tableware, washable dishes, or compostable dishes and the use of tap water or bottled water. To be able to properly evaluate the impact of GPP policies on waste, it was assumed that in the baseline scenario, waste is handled according to current practices, without employing procedures for waste mitigation. Good practices that already take place in some schools are considered as potential improvements in Section 4 of this paper.
CF of the baseline scenario
The quantification of the climate change potential of the baseline scenario described in the previous section is presented in Fig. 2 . The climate change potential of the average meal of the baseline scenario is 1.67 kgCO 2 eq. Module 1 (the production phase) dominates the potential impact with 78% of the CF of the full catering service. The main component of the CF of this module derives from the main course (79% of the CF of the module and 61% of the CF of the full service). Specifically, this can primarily be attributed to the meat component of the average meal (51% of CF of module 1 and 39% of the CF of the full service).
The other three modules play minor roles in the determination of climate change potentials; in terms of the proportions of the total CF of the service, food logistics (module 2) accounts for 3%, food handling (module 3) accounts for 8%, and waste (module 4) accounts for 11%. Besides food production, another relevant single point of emissions is due to the electricity consumption in the cooking facilities and school canteens (6% of the CF of the catering service).
The results of the baseline scenario presented here are significantly different than the results of Jungbluth et al. (2016) in which the CF of an average meal served in a canteen operated by the SV group was about 4.1 kgCO 2 eq. Nevertheless, the partitioning of the impacts between different parts of the service in both studies is similar. In fact, according to Jungbluth et al. (2016) , the agricultural phase is responsible for 58% of the CF, 24% is due to operations at the canteens (e.g. the use of water and electricity, as well as disposal of food waste), and 8% can be attributed to cooking, 4% to packaging, and 6% to the transport from farm to the canteens. The relative impacts of meat are also similar in the two studies: in Jungbluth et al. (2016) , meat is responsible for 48% of the CF of the agricultural phase, while 10% is related to dairy products and 8% to fresh vegetables.
Sensitivity analysis
Variability can affect food LCA studies mainly because of the biological nature of the production systems and the correlation with local conditions and climatic events (Notarnicola et al. 2015) . Nemecek et al. (2012) estimated that the variability in the global warming potential of the most common crops can significantly affect the results, ranging from 8 to 41% of the GWP per kilogram of the final product. It is therefore necessary to identify the variability of inventory data of the study and to evaluate how sensitive the results are to these assumptions.
In the investigated systems, each module presents some critical sources of variability. In the production phase, a larger amount of uncertainty is associated with yield because it can vary due to differences in the geographical areas (different climatic conditions), genetic issues (different cultivars), and slightly different agricultural practices within the same production protocol (as applied by different farmers). Several studies (Cellura et al. 2012; Hayashi 2013; Nemecek et al. 2005; Perrin et al. 2014 ) remark that the yield of an agricultural system plays a pivotal role in the quantification of the environmental impacts of such systems. First, there is a physical relation between the quantity and quality of the yields and the amount of inputs (e.g. materials and energy) and externalities (e.g. emissions) of the agricultural practices. Furthermore, the environmental impacts are related to the yield, because of the use of a mass-based functional unit in the LCA of food. Relatively small variations in yields can significantly affect the results and, consequently, their interpretation (Cerutti et al. 2014b) . Therefore, variations in the yield of each proxy food item should be considered in the assessment of the variability of the production phase. Based on the data collected from agricultural manuals (VV. AA. 1997), food LCA reviews (e.g. Notarnicola et al. 2015) , and other broad studies in food LCAs (e.g. Nemecek et al. 2012) , the following average variation ranges of the yields are assumed ±15% for cereal products (pasta, rice, and bread); ±10% for products from animals (meat, cheese, and eggs, but excluding fish due to a lack of available data); and ±20% for vegetables and fruits. With the application of these yield variation ranges in the LCIs of food proxies, it was possible to calculate the standard deviation of CF values of each proxy (Table 2 ).
The resulting standard deviations are comparable with values found in the meta-analysis performed by Clune et al. (2016) for most of the food categories, apart from meat from ruminant livestock (2.15 kgCO 2 eq/kg of meat in this study and 12.47 kgCO 2 eq/kg meat in Clune et al. 2016) . However, the review by Clune et al. (2016) analysed the CF of studies from all over the world, with very different pasture practices, and this explains the higher variability compared with results from single country.
The main source of variability in the logistical phase is the distance travelled by trucks during the provisioning phase. Assumptions concerning the distance between the national food hubs and the city of Turin have a low variability. On the other hand, local transport between farms and the regional hubs of each nation are more uncertain. Consequently, we assumed a variation of ±20% of the distances travelled from the farms to the hubs of Turin, in the case of international suppliers, and a range of ±10% in the case of national and regional supply chains. Additional variability can affect the distribution phase in the urban area. An average speed of 25 km/h has been assumed as a reference for the calculation of the emissions of the vans. However, an increase of 10% in the emissions during the distribution has been assumed, to allow for the potential variability of the traffic.
Cooking, storing, and serving (module 3) are the phases characterised by the lowest variability, since data are collected directly at the facilities on an annual basis. The input data are annual averages, so they already include the variability in the consumption of electricity, natural gas, and water by the appliances. Nevertheless, in order to account for potential variability over different years, a variation of ±4% is assumed for electricity consumption, ±20% for natural gas consumption, and ±40% for water consumption. Even the use of detergents and cleaning products may differ between facilities, with an empirically-not tested-good correlation with the use of water. Therefore, a potential variation of ±40% in the consumption of these products is assumed.
Among the components of module 4 (waste management), which includes plastic from water bottles, disposable tableware, and mixed waste from the kitchen, the latter is the most variable. This happens because the consumption of water bottles and disposable tableware is strictly related to the assumption of one bottle and tableware set per student. These data can be affected mainly by pupil absences (assumed variation lower than 1%). In contrast, the waste produced in the kitchen is largely related to the dishes that are prepared, and it may change significantly from 1 week to the next. Consequently, a variation of ±25% in the production of different waste in the kitchens is assumed. Fig. 2 Breakdown of CF in the four LCA modules for the average meal in the baseline scenario The results of the sensitivity analysis are illustrated in Fig. 3 . The overall estimated range of variation of the CF is 384.7 gCO 2 eq, with an average meal having a GWP between 1478.2 and 1862.6 gCO 2 eq. This variability is relatively high (23% of the estimated CF of the average meal). It should be noted that the majority of this variability (205.3 gCO 2 eq) can be attributed to the variation in the CF of the main course, depending on the animal products used (meat, cheese, or eggs). In order to assess the most efficient GPP policies (as discussed in Section 4), this variability must be taken into account.
4 Reducing the CF using different GPP policies 4.1 Potential GPP policies in the school catering service Several GPP policies that may be applied to the school catering service were identified, from the literature. One of the most extensive publications on the topic is Neto et al. (2016) . Although a sustainability principle always forms the basis of these policies, it is not always possible to calculate an actual CF reduction. There are several reasons for this-for example, one of the most common GPP policies is the purchase of products with the European Union Ecolabel issued according to 1980 /2000 Regulation (EC 2000 and updated by 66/2010 Regulation (EC 2010). To qualify for this label, products must meet strict environmental criteria, but emission reduction cannot be easily estimated for a product that has achieved the label standards. A tentative estimation of the benefits for the CF of a product obtaining the EU Ecolabel was performed by Baldo et al. (2009) . In practical terms, to estimate the benefits of meeting the Ecolabel criteria, it is necessary to perform a full CF of the specific product, and it is not possible to refer to proxy products or existing databases. Furthermore, because of such specific LCA, an actual CF reduction is not guaranteed; some product groups, e.g. cleaning products, are awarded with the EU Ecolabel for their lower water eutrophication or acidification, which are environmental impacts unrelated to CF.
The GPP policies identified in the literature search are shown in Table 3 , categorised according to the module they affect and highlighting those which were considered in this study.
Module 1: food production
In the case study, module 1 'food production' represents by far the phase with the most impact, which is consistent with current knowledge on the topic (Garnett 2011) . It is therefore necessary to properly investigate policy options to reduce the impact of this phase. According to several other studies (Caputo et al. 2014; Jungbluth et al. 2016; Smith et al. 2016) , two GPP options can be taken by owners of a catering service to reduce impacts from the agricultural phase of consumed foods: (I) the choice of foods from different production practices, in particular the substitution of conventional foods with one produced according to organic production practices, and (II) reducing meat consumption. Another option is to focus on purchasing seasonal produce, but this is primarily a logistical issue that will be discussed in the following section.
In order to compare different production practices, a new set of proxy food products was created. For each proxy food used in the calculation of the baseline scenario, a new LCI was developed according to organic production practices. In practical terms, a new set of organic food proxies was created which consider specific agricultural input reductions as well as average yield reductions. This is described in technical agricultural manuals from the Italian association for organic agriculture (AIAB 3 ), organic product specifications from the Italian Ministry of Agriculture (Mipaaf 4 ), and LCA studies (Notarnicola et al. 2015) . Further details about the methods applied for calculating the CF of the organic counterpart of (Table SM02 ). An organic equivalent was estimated for all proxy foods, except for codfish and tuna, for which data on organic fisheries were not available. In addition to organic certification, certification for sustainable fishing is also a possible GPP option (Smith et al. 2016) ; however, no standardised data or LCA-based EPDs are available for such products. For the quantification of the potential CF reduction of this policy, two alternatives to the baseline scenario were considered: the first with 50% of all food procured from organic farms and the second with 100% of all food procured from organic farms.
The evaluation of the climate change potential of different diets is not a straightforward process (Pairotti et al. 2015) . One of the critical issues is the construction of the alternative menus, which should be balanced in terms of nutrition and health. In this case, the alternative quantity of food required for each food type, in order to balance the absence of meat, was taken directly from the school catering service of the city of Turin. In fact, as well as the standard menu, which includes meat, the municipality offers two alternative menus: (I) one without meat, in which meat is substituted with fish, eggs, cheese, and protein-rich vegetables, and (II) another menu without either meat or fish, which are substituted with eggs, cheese, and protein-rich vegetables. It should be noted that this second alternative is not a fully vegetarian alternative; however, it is one of the best compromises that can be obtained considering catering service possibilities and nutritional needs.
The proportion of each proxy food product in an average meal from the alternative scenarios was calculated exactly as for the standard menu, with reference to the two alternative menus used during the school year 2013/2014 in the secondary class, first grade.
Results of the CF reduction that can be obtained using each GPP policy, and the combination of the two, are presented in Table 4 .
The potential reduction of CF per meal by the provision of organic food is up to 189.87 gCO 2 eq, corresponding to 15% of module 1 and 11% of the full meal. This percentage represents a significant reduction considering the low effort that this specific GPP needs. On the contrary, the reduction of animal products is more efficient (−20% of the CF in the menu without meat and −32% of the CF in the menu without meat or fish), but it represents quite a drastic decision to be made by the service and can be adopted only on a voluntary basis by the children and their families. The combined effect of the two options is very relevant as it allows the reduction of the CF up to 42% of the whole meal. It is interesting to note that the CF of a meal can be reduced by almost one quarter by adopting the intermediate scenario of each of the two GPP policies.
It is important to note that considering just CF to assess the performance of this module might represent a limitation. In fact, the environmental burdens of the agricultural phase of the food supply chain are also related to eutrophication, acidification, and environmental toxicity (Notarnicola et al. 2015) . In particular, a proper assessment of the ecotoxity linked to pesticide use in the food supply chain might be crucial when comparing conventional and organic food products (Nordborg et al. 2017) . 
Module 2: food logistics
The relevance of the impact of the transport of food from production to the consumption site is extensively debated in the literature. For some authors (Roy et al. 2009; Smith et al. 2016) , it is considered one of the most important factors to be controlled in order to achieve sustainable food consumption. For other authors the impact of long distances is less relevant than storage (Mila i Canals et al. 2007) or the efficiency of agricultural practices (Jungbluth et al. 2016) . GPP options for reducing food transport may be focused either on the large transport distances from the production site to the market or the peri-urban hubs or the shorter distances from the market or peri-urban hubs to consumption sites.
To estimate the CF reduction in the provisioning phase due to GPP policies, a geographical origin requirement was considered. For example, one scenario could be to restrict the place of origin for all major foods to the local region. Excluding some fruits, a few vegetables and a few ingredients (such as olive oil), a large majority of the agricultural products could theoretically be produced in the region. Therefore, the provisioning route of each proxy food item used in the baseline scenario (according to data collected from retailers) was modified, assuming that the provision of food will be shifted from the international market to the regional market. The theoretical potential of the regional market to support the quantity of food requested was verified through interviews with retailers. Results of this analysis are in line with the results for three fruit and two vegetable supply chains as calculated in a separate study (Cerutti et al. 2016 ). The adoption of requirements for regional sourcing of the proxy food items used in the baseline scenario led to an overall saving of 3.35 gCO 2 eq per average meal. This amount corresponds to 27% of the CF of the provisioning in the baseline scenario (12.21 gCO 2 eq). This result shows that imposing a limit on the geographical origin of food can be very efficient in reducing the impact of transport; however, the achieved CF reduction represents 5.85% of the module and just 0.20% of the CF of the full catering service.
GPP policies on logistics could also concern urban distribution. In this case, two options for improvements were considered, both focusing on the optimisation of transport routes. The first option is based on the reduction of distances that took place in the catering service because of a reorganisation of the distribution routes (Cerutti et al. 2016 ). The second option was calculated according to the hypothesis of establishing new cooking centres in the city. The number of cooking centres was increased from five to ten, one for each district of the city, to simulate a more diffuse delivery of the food. The reduction in distance for a single final delivery is shown in Fig. 4 . In comparison to the baseline scenario, the first option to reduce the distances leads to a reduction of 8% km per delivery. Considering the same pool of cars from the preceding year, this reduction in the distances corresponds to 5.83% of the CF of the module, equivalent to 0.20% of the total emissions of the service.
The second alternative scenario, although completely theoretical, may lead to a higher reduction of the distances: 29.38% km per delivery, which represents 16.54% of the CF the module, and 0.54% of the total emissions of the service. It should be noted that such a result is based on the theoretical distance that would be travelled by transport vans, without considering the feasibility of such a solution in the urban context-for example, whether suitable buildings and facilities are available.
As the GPPs described above influence different aspects of the transportation of food, it could be possible to apply them both in a merged scenario, which represents a best-case scenario for the module. Considering both GPP options, the best-case scenario achieves a reduction of 27.25% of the CF of the module, equivalent to 0.94% of the total CF of the catering service.
According to previous studies (Alvarez et al. 2012; Lopez et al. 2009 ), changing the energy vector, e.g. from petrol to natural gas, was not considered as a suitable option for reducing the climate change potential of the catering service. This was because natural gas has proven to be very effective in increasing the air quality, but it may have a negative performance in the reduction of GHG emissions because of the lower efficiency of the vehicles (Lopez et al. 2009 ). Furthermore, the use of electric vehicles was not considered, since this option was not considered to be viable by the municipality, due to the absence of facilities for recharging the vehicles.
The attention to just the CF in this module has the limitation of not addressing local effects due to the lowering of fuel consumption, such as the improvement of air quality and the reduction of photochemical smog. This module could also be studied from the perspective of human health-oriented indicators (such as DALy-disability-adjusted life year) as the air quality in highly populated cities strongly affects life expectancy and quality (WHO 2013).
Module 3: cooking, storage, and service
Food preparation and service represents a stage of the catering service in which technical aspects may play a key role in lowering the CF because the emissions in this stage are strongly related to energy consumption and products used. The biggest source of GHG emissions at this stage is electricity consumption in the kitchens and schools (6.27% of the CF of the full service); the next highest source is the consumption of natural gas in kitchens (1.16% of the CF of the full service). A small part is due to the life cycle of equipment and facilities (0.56% of the CF of the full service). Consequently, the most relevant options for CF reduction in this module should focus on electricity consumption, including electricity savings, e.g. adopting energy efficient equipment and practices and by changing the provision of electricity by moving to a greener source of electricity.
According to Bertoldi and Atanasiu (2009) , moving from a low energy class appliance to one belonging to the top classes could allow very high savings, up to 80%. However, these savings are largely dependent on the type of appliance. Moreover, a large share of appliances used today already belongs to high classes according, for example, to the EU Energy Labelling Directive (2010/30/EU). For example, De Almeida et al. (2011) estimated that 90% of domestic appliances sold in the EU are already in class 'A' or higher. Ardente and Mathieux (2014) estimated that, referring to the current European energy labelling of washing machines, the substitution of a product of energy class 'A' to one of class 'A+' implies a reduction of 12% of the energy consumption during use, while substituting it with a washing machine of class 'A++' would allow a reduction of the energy consumption of about 22%. More recently, Bobba et al. (2016) estimated that improving the energy efficiency of a vacuum cleaner by a 15% is equivalent to moving up one energy efficiency class. Current European energy labelling focuses more on household appliances, while energy labelling schemes for professional appliances are generally missing. Nevertheless, it is reasonable to assume that the increase of 15% in energy efficiency for each energy class can also be applied to professional appliances. In order to estimate the electricity savings due to the use of more efficient appliances, two scenarios were assumed: (I) minor savings, considering a 15% energy efficiency improvement (an advancement of one energy class), leading to a reduction of 15.67 gCO 2 eq per average meal, and corresponding to 12% of the CF of the module and 1% of the CF of the full service, and (II) major savings, considering a 30% energy efficiency improvement (an advancement of two energy classes), leading to a reduction of 31.34 gCO 2 eq per average meal, and corresponding to 24% of the CF of the module and 2% of the CF of the full service.
The second option for reducing the CF of the cooking and serving stage is to lower the GHG emissions from electricity consumption. This can be done either by installing renewable energy sources to produce electricity (e.g. photovoltaic panels) in the facilities or by purchasing greener electricity from suppliers. For the first case, the emission factor for electricity production in ECOINVENT 2.0 has been used (0.068 kgCO 2 eq/ kWh for electricity generated by photovoltaic panels) instead of the Italian grid mix supply (data from ELCD). This shift leads to an absolute saving of 80.21 gCO 2 eq per average meal, corresponding to 60% of the CF of the module and 5% of the CF of the full catering service.
To quantify the savings due to the purchasing of certified electricity from renewable sources, an average production mix of renewable sources was defined as 20% photovoltaic, 35% hydropower, 35% wind power, and 10% from biomass, per the proportions of these technologies in the electricity mix in Italy in 2015. The estimated emission factor of this renewable energy mix is 0.023 kgCO 2 eq/kWh, based on the emissions of different energy sources available in the database ECOINVENT 2.0. This shift leads to an absolute savings of 100.32 gCO 2 eq per average meal, corresponding to 75% of the CF of the module and 6% of the CF of the full service.
Also, in this module, focusing on the CF alone could result in a limited assessment of the non-climate environmental impacts, as most of the chemical products used in kitchens and school canteens affect water pollution and eutrophication.
Module 4: waste management
Decreasing environmental impacts from waste is seen as a priority in most of the catering services. There are two main components: reducing the source of waste (food and materials) by different consumption behaviours and different materials or improving the waste management systems. Caputo et al. (2014) suggest focusing on different systems of waste management. On the contrary, Smith et al. (2016) and Jungbluth et al. (2016) discussed the importance of reducing waste from the packaging of meals, inedible parts of food, and leftovers.
The first GPP that can be tested relates to the material of the tableware used in the catering service. Three options are available: disposable tableware made from petroleum-based plastic, disposable tableware made from biomaterials, and washable tableware. The first option has been considered to calculate the baseline scenario, while the other two options were considered as possible improvements. For both options, the full life cycle of the same set of components considered in the average meal in the baseline scenario was calculated. For the scenario in which bio-based tableware is used, all tableware components (three plates, one cup, and cutlery) were considered to made from Mater-Bi®, but following results of a market survey, primary and secondary packaging were assumed to be made of the same materials as in the standard scenario. Emission factors for the life cycle of components in MaterBi® were taken from Razza et al. (2009) . In this scenario, the CF reduction is 14.72 gCO 2 eq per average meal, corresponding to 8.06% of the CF of the module and 0.88% of the CF of the full service (Table 4) .
Testing the option of using washable tableware is more complex. Plates, cups, and cutlery used in schools cannot be made from materials that can harm children; therefore, no metal or ceramics can be used. The material considered as a reference in this study was melamine resin, using emission factors from the ECOINVENT version 3 database. However, the adoption of this option is not just a matter of materials-it would require the additional service of washing and the replacement of broken tableware. This would require extra consumption of water and electricity and the need for additional space for the appliances in the schools or in the kitchen. Therefore, the application of this option might be difficult in practice because of limited available space.
For the assessment of the CF of this scenario, two subscenarios were considered: (I) dedicated transport of dishes and (II) dishes are moved together with food back and forth to the peri-urban hubs. It should be noted that the reduction of waste from the adoption of washable tableware brings an increase in water and electricity consumption that are assessed in module 3 and not in module 4. Thus, in both sub-scenarios I and II, the GHG emission saving in module 4 is 50 gCO 2 eq for the average meal but with an increase of 38 gCO 2 eq in modules 2 and 3 for scenario I and an increase of 17 gCO 2 eq in modules 3 for scenario II (see Table 5 for details). As an overall result, the washable tableware moved together with the food allows for a CF reduction of almost 2% of the full service.
Regarding other waste that is generated by the catering service, a special case is presented by plastics from bottled water. A significant share (22%) of the CF of the module is due exclusively to the life cycle of such packaging. In this case, a very simple GPP policy recommendation can be made: the substitution of bottled water with tap water. For the assessment of the CF reduction of this option, the full life cycle of tap water was considered, including the production of water carafes (with a substitution rate of 5% due to damage, based upon interviews with school catering operators), the washing of carafes (in terms of electricity consumption and cleaning products), and GHG emissions due to the water from the aqueduct. This latter aspect was quantified using the EPD of the tap water of the municipality of Lizzano in Belvedere (EPD 2008) as a proxy for the city of Turin. It is estimated that this GPP option would produce a reduction of 41.03 gCO 2 eq per meal in module 4 (22.47% of the CF of the module) and an increase of 2.09 gCO 2 eq per meal in module 3 (1.57% of the CF of the module). The net reduction resulted in 38.94 gCO 2 eq per meal, which corresponds to 2.34% of the CF of the full catering service.
Another option for CF reduction is related to the enforcement of good practices for waste management. In the baseline scenario, the mass of waste produced for an average meal during the processing and the serving phases is 61 g (excluding plastic bottles and tableware, which are assessed separately) of which 71% is made of organic material (see the breakdown of waste in Fig. 5 ). The food processed but not served represents a significant share of the waste generated. This accounts for 4.56% of the total amount of food processed. This value is significantly lower than identified by Falasconi et al. (2015) , who estimated that 15.31% of the overall processed food was not served in a sample of six schools located in the municipality of Verona (Italy). This lower percentage can be partially explained by the fact that giving the students several menus to choose from increases the possibility of meeting food preferences and decreasing the chance of wasted food. Also, the amount of leftover food is low (almost 2% of the food served) because of campaigns already performed by the municipality to reduce waste (see Section 2.2-modelling module 4).
In the baseline scenario, it was assumed that waste is disposed of in landfills, adopting an average emission factor of 1.287 gCO 2 eq/g of waste (Lou and Nair 2009 ). This emission value, although quite generic, is considered to be a suitable reference for the 'option-zero' scenario (e.g. without considering energy recovering from biogas), and it is also considered as a representative of the Italian context (Capaccioni et al. 2011) . It is important to note that impacts from landfilling as well as other waste management options might not be properly captured by CF (Ménard et al. 2004 ). According to the most common modelling practices of production systems (e.g. Baumann and Tillman 2004) , there are two ways of allocating the impact of composting or recycling: (I) to the systems where primary products are used or (II) to the production system in which recycled materials are inputs but including also credits due to the avoided production of new material. As an example of the second approach, if the compost produced by the treatment of the organic fraction is used in agriculture in place of fertilisers or soil conditioners, the environmental impacts of the waste treatment as well as the credits of avoided materials should be allocated to cultivation using the compost. Consequently, from the point of view of the system that produces the waste, if the composting or recycling processes properly take place, the net environmental burden of such waste is null. Therefore in this study, the focus is on the system that produces waste (and not on the one that uses composted/recycled products), neither the environmental impact of composting/recycling nor the environmental credit of using composted/recycled products is considered. To estimate the effects of potential options for waste management on the CF, a shift to different shares of food waste composting and other waste recycling was assumed, as illustrated in Table 6 . The share of composting and recycling used are just examples; in fact, reaching 100% share in both processes is unlikely because certain types of food packaging are not recyclable and because sometimes food waste from schools is not properly sorted. The highest reduction that is achievable, focusing exclusively on the recycling of inorganic waste or on the composting of food waste, is around 3% of the CF of the full service. The combined effect of both targets would allow a reduction of around 6% of the CF of the full service.
The concurrent adoption of the three GPP requirements described in this section, in their optimum scenarios (just tap water, washable tableware, 80% composting of organic waste and 90% recycling of inorganic waste) leads to a net reduction in the CF of the module of 159.55 gCO 2 eq per meal (87% of module 4), including the increase of 19.27 gCO 2 eq per meal (14% of module 3) due to the increased consumption of electricity, water, and cleaning products, accounted for in module 3.
Discussion
Some GPP policies are very efficient in the module they affect, but in the overall assessment, the reduction they produce is quite limited. Therefore, the summary presented in Table 7 to provide an overview of the CF reduction of the various GPP policies assessed is elaborated upon here. Together with the calculation of absolute and relative CF reduction, Table 7   Table 6 Breakdown of climate change potential reduction according to the combination of different scenarios, with the composting of organic waste at 0, 50, and 90% and the recycling of inorganic waste at 0, 40, and 80%. Results are expressed in gCO 2 eq and a percentage reduction in comparison with the baseline scenario Organic composting 0% (baseline scenario) Organic composting 40% Organic composting 80% gCO 2 eq % reduction gCO 2 eq % reduction gCO 2 eq % reduction qualitatively discusses the potential difficulties that could arise from the policy enforcement. These difficulties are based on the expert judgments collected by the steering committee during the INNOCAT project meetings. The GPP policies that lead to the highest potential CF reduction are also those that are more difficult to apply. In particular, moving to a vegetarian diet will potentially reduce the overall CF by 32%. This effect is due to the high relative impacts of module 1, and it is in line with several studies on the CF of livestock (Garnett 2009; Steinfeld et al. 2006) . Nevertheless, although a decrease in meat consumption is supported by the World Health Organisation (WHO 2015), a complete shift is very controversial from a nutritional point of view. Furthermore, environmental and behavioural aspects are strictly bounded, requiring a dialogue among the different stakeholders involved. Therefore, the application of this option requires the development of a more comprehensive method for the assessment of the sustainability of the food system in schools (Rojas et al. 2011) , which should also address behavioural and nutritional aspects.
The relative impact of food production on the CF of the catering service is also highlighted by the significant CF reduction that can potentially be achieved by the shift to the exclusive use of organic food (around 11% of the CF of the catering service). One of the most relevant limitations of this GPP policy occurs when the provisioning of organic products must take place in the local area, because of the limited availability of such products in the regional context. When considering GPP options focused on food production (e.g. focusing on the production of organic food or reducing animal products), it is important to keep in mind the high variability of the CF in this phase. The variability of the CF o f t h e m a i n c o u r s e s a s s e s s e d i n S e c t i o n 3 . 3 (205.3 gCO 2 eq) is higher than the CF reduction produced by the purchasing of organic products (189.87 gCO 2 eq), and it is almost half of the CF reduction for the scenario without animal products (535.48 gCO 2 eq). This aspect leads to the consideration that, more than a policy focused on certain production practices, it may be more effective to adopt a policy that encourages the purchasing of foods with a lower CF based, for example, on environmental product declarations or certifications.
A lower (but still relevant) share of CF reduction of the service can be achieved by focusing on the electricity consumed (module 3). Since the energy sources used to produce electricity strongly affect the GHG emissions into the atmosphere, these are relevant for the CF of the service. It is interesting to note that the adoption of energy efficient appliances (although difficult because of the lack of energy efficient labelling of professional appliances) can be coupled with the shift to a different power grid mix for electricity, leading to an overall CF potential reduction to around 7.8%. The third major area of reduction is related to waste management. The first aspect is that all considered GPP policies that affect this part of the service can be applied with relatively low effort from the caterer, but summarising all of them, they can potentially lead to a reduction of around 10% of the CF of the full service. This reduction is already quite significant, but another technical aspect related to the choice of the environmental indicator must also be considered. The CF might not be the best indicator to fully include the environmental impact from waste management (Allacker et al. 2014) . As proven for other product groups and services, the recycling of waste can be relevant for impacts such as consumption of resources (Latunussa et al. 2016) . The same uncertainty affects the quantification of the CF reduction of bioplastics. In fact, the most relevant environmental benefits of using bio-based materials instead of petrol-based plastics are not related to CF reduction but to other ecological aspects which are not always properly addressed by LCA, such as the effect of plastic pollution on biodiversity and ecosystem health (Razza and Cerutti 2017) .
Because of the relatively low impact of the logistical stages on the CF of the full catering service (3.4%), the CF reduction that can be achieved by GPP policies that target this module is quite limited. This result is partially in contrast with what was estimated in a previous study by Cerutti et al. (2016) in which the CF reduction due to GPP policies targeting the logistical phases was higher. However, this difference should be related to the different system boundaries considered. Cerutti et al. (2016) focused exclusively on the supply chain (including production, distribution, and urban transportation) of five example foods, while excluding all other stages of food management in the kitchens and schools.
Shifting from an international to a regional sourcing of food allows a reduction of 22% of the GHG emissions of the transport (see Section 4.3). However, when the full catering service is considered, this option produces a reduction of less than 1% of the overall CF. This applies as well to the policy on the rationalisation of urban distribution. This policy potentially reduces 23% of the GHG emissions of the urban distribution, which corresponds to less than 1% of the CF of the full catering service. It is very important to consider this result in order to properly assess and prioritise this GPP policy in comparison to others.
Furthermore, it is interesting to consider the effects of adopting two or more GPP policies at the same time. However, in some cases, the considered GPP policies were self-excluding (i.e. the use of either washable tableware or tableware produced in Mater-Bi®; the purchasing of certified electrify from the power grid or the production of electricity from photovoltaic panels). Moreover, the CF reduction produced by a combination of all the possible options is very high, although some combinations are not applicable or relevant. As an example, it is possible to consider the simultaneous adoption of GPP polices with the same level of difficulty, as suggested in Table 7 . By applying only the policies with a low difficulty, a net reduction of 154 gCO2eq/meal, which corresponds to a CF reduction of 9.24%, could be achieved. Furthermore, considering all policies with low and medium difficulties (including the best option for the self-excluding cases), a net reduction of 524 gCO2eq/meal, which corresponds to a CF reduction of 31.47%, could be achieved. Assuming the theoretical adoption of all the GPP policies (including the ones with a high difficulty and the best option for the self-excluding cases), a net reduction of 1052 gCO2eq/meal, which corresponds to a CF reduction of 63.16%, could be achieved.
Policy lessons and conclusions
This paper presents a method to assess GPP policies, with a particular focus on policies concerning food provision and catering services. It is shown that the life cycle approach, despite the complexity and uncertainty of modelling, is an essential prerequisite to developing sustainable strategies for public procurements. The adoption of the life cycle approach is essential since the evaluation of single phases or aspects may lead to incorrect or incomplete assessments. In particular, the study focuses on accounting for the GHG emissions related to different GPP policies, since this indicator may easily be understood by decision makers and citizens and since the reduction of GHG emissions represents one of the objectives of local authorities. Such an approach allows local authorities to rank and prioritise possible actions. GPP policies contributing to large CF reductions for some life cycle phases may result in a small benefit when the full catering service is considered. Moreover, procurement policies that are generally assumed to be highly relevant for some sectors (e.g. policies on transport) may not be effective for the specific service under study.
The proposed assessment of GPP policies has been applied to a case study: the school catering service of the city of Turin (Italy). GPP policies for catering were identified and successively ranked according to their potential for CF reduction. The analysis proved that the most effective policies are those affecting the production phase (although the GHG emissions of this phase are subject to a high uncertainty). In particular, the reduction of meat consumption is confirmed to have a high CF reduction potential, together with the shift of food production from conventional to organic agriculture.
The second main area of intervention is related to the cooking, storing, and serving procedures. For the presented case study, higher benefits could be achieved with the shift to an energy mix with a lower CF (e.g. electricity with higher shares of renewable energy sources) rather than with the purchasing of more efficient appliances. However, this conclusion is affected by high uncertainty due to the estimation of the energy-saving potential of professional appliances. The development of energy labelling schemes for such appliances could be a relevant target for future policy actions.
The third area of improvement in terms of CF concerns policies targeting waste, including both prevention and management. Several different options could be implemented, together bringing a significant reduction in CF.
Options related to the logistics of food, regarding both long distance transport and urban distribution, were less relevant for this analysis. However, it is recognised that GPP policies on transport and food origin could be potentially relevant for other aspects, such as to support local food production and the local economy, to defend traditional local products and to preserve agricultural biodiversity, and to reduce the impacts of transport and the pollution of cities (for example the use of natural gas vans for the urban distribution could have a positive impact on the urban air quality). This leads to the possibility of comparing different procurement options based on different impacts. Indeed, the methodological approach used in the current study is flexible enough to be adapted to other life cycle impact categories.
It is interesting to assess the effectiveness of the policies versus the efforts and costs required to enforce them. Indeed, procurement policies regarding food production are more effective but more difficult to implement. On the other hand, policies regarding waste have a lower improvement potential but also those require less effort (most of the time focusing on the adoption of good practices and on the proper training of the operators).
The proposed assessment method, here applied to a specific case of restoration, can be applied not only to other public food services, such as hospitals, but also to private catering services for canteens, restaurants, and bars. In these cases, the use of proxies can also be significant. However, it is necessary to assess whether it is preferable to carry out the LCA of certain foods rather than considering generic proxies, because of the lower number of annual meals.
Furthermore, because of the need to consider several stages of the catering service, simplified LCA-based tools, specific to collective restoration systems, can support both managers (public or private) and suppliers. These tools should be usable without the need of experts so that they may be included in calls for tenders together with other factors, such as the price and the quality of food. It is recognised that an assessment based on a singleindicator approach is accompanied by some uncertainty, since it could hide some offsets of impacts among different life cycle stages, leading to the selection of nonoptimal policy strategies. For this reason, future developments of the method should focus on the quantification of additional impact categories, producing results that can be still interpreted by non-LCA experts and that do not require too burdensome calculations.
